Europiisches Patentamt
European Patent Office

Office européen des brevets

(1)) Publication number : 0 497 419 A1

@) EUROPEAN PATENT APPLICATION

@1) Application number : 92200217.5

@2) Date of filing : 27.01.92

@D Int. c1.®: CO2F 3/12, CO2F 1/52

Priority : 31.01.91 IT 23891

Date of publication of application :
05.08.92 Bulletin 92/32

Designated Contracting States :
CH DE GB LI SE

Applicant : CAFFARO S.p.A. Societa per
PIndustria Chimica ed Elettrochimica
Via Privata Vasto 1

1-20121 Milan (IT)

@2 Inventor : D’Elia Mauro
via Fermi, 6/b
20097 San Donato Milanese (Milano) (IT)
Inventor : Isolati, Antonio
Via Plava, 2
47100 Forli’ (IT)

(74) Representative : Dragotti, Gianfranco et al
SAIC BREVETTI s.r.l. Viale Bianca Maria, 15
1-20122 Milano (IT)

EP 0 497 419 A1

Improved process for water purification.

@ The addition of a trivalent iron compound to
the sewage to be treated upstream of the oxidiz-
ing step and of an aluminium polymer com-
pound to the active sludge being recycled to the
same oxidizing step causes beneficial effects to
take place on the simultaneous removal of
phosphorus and nitrogen.
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The present invention relates to the water purifi-
cation and more specifically to an improved process
for the simultaneous removal of nutrient substances
in active sludge purification plants through simul-
taneous steps of denitrification-nitrification and hyd-
rolysis and coprecipitation of phosphorus.

As it is known the traditional active sludge plants
for the purification of sewage waters, especially town
and civil sewage waters, substantially contemplates
an aeration or oxidation phase in which the action of
aerobic micro-organisms takes place, and a decan-
tation phase (secundary) namely the separation of the
sludges (which are the so-called active sludges) from
the water effluent from the previous phase. The thus
purified water is discharged (for example in a water
river or pool), whereas the active sludges are mostly
transferred to the drying and disposal sections; a
minor part thereof is recycled to the aeration or oxi-
dation phase to support the process occurring in the
corresponding oxidation basin.

The latter may be preceeded by a preliminary
phase of grid filtering for the removal of coarse mate-
rials, and by a primary decantation useful to remove
from the sewage the solid sedimentable contents.

The water coming out from the secundary dec-
anter may undergo further treatments aiming to the
removal of polluting substances not previously
removed and particularly of the phosphorus (co-res-
ponsible of the so-called eutrophication of seas and
lakes).

The simultanoeus removal of nutrients in a stan-
dard active sludge plant has always been the aim of
all people attending to the operation of these plants,
but the interaction of the particular mechanisms and
of the kinetics, both chemico-physical and biological,
has always lead to only partial solutions, often giving
place to undesired side effects such as "bulking" or
"foaming".

For example the nitrate forming and their pre-
sence in the anoxic area inhibits the release of phos-
phorus from the bacteria, whereas the constantly
aerobic or even anoxic conditions of the system can-
not anyway prevent the forming of filament like mate-
rials which in turn give place to the "bulking".

This problem tend to be worsened both owing the
more and more reduced limits admitted for the phos-
phorus content (up to 0.5 ppm P), and owing to the
demonstrated tendency towards an unbalance of the
ratio BOD/TKN in the characteristics of the civil sew-
age waters fed to the treatment plants. However, to
date the main preoccupation was and still is that if the
phosphate removal, for which the mostly adopted sol-
ution consists in the addition to the water of chemical
conditioning compounds, whereas lower attention
has been paid to nitrogen.

A number of systems has been proposed for the
P and N simultaneous removal, but all of them are
based on often remarkable modifications of the plants
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by adding to the existing processing cycle aerobic or
anaerobic sections (A/O, PHOSTRIP, PHOREDO X,
etc.).

The addition of chemical conditioning agents has
generally the purpose of agglomerating the material
particles present in the sewage waters as a colloidal
dispersion and that of removing the orthophosphates
through the forming of insoluble salts which can be
separated from the liquid phase through the mechan-
isms of coagulation-flocculation-sedimentation.

The chemical reaction by which the insoluble
compound of orthophosphate is formed takes place
preliminarily with respect to the chemical-physical
coagulation-flocculation process.

The compounds which are commonly used for
this purpose are the inorganic salts of iron (bivalent
and ftrivalent) and of aluminium (sulfate, chloride,
polychloride and alluminate).

The iron salts, upon being added to the system,
lead very readily to the forming of well developed
flocks with a favourable sludge index and thus liable
to a quick sedimentation.

The effect of sludge "weighing down" due to the
presence of the iron ion can be readily revealed from
a typical pattern of the sludge index (SVI) such as for
example illustrated in fig. 1, which shows the SVI data
both in the case FeCR is added (beginning and end)
and in the absence of the ferric salt (center period). As
it is seen whilst in the presence of the iron ion SVl is
stably maintained at around 100 values; in the abs-
ence of the conditioning agent the SVI value
increases rapidly to values of the order of 300, with
peaks of more than 500.

This feature is very important since, being it avail-
able a "heavy" sludge, the phenomena of dragging
and going back up are controllable in a much easier
manner even under critical conditions of hydraulic
load.

As a negative side effect the greater volume of
sludges can be mentioned, thus involving higher
costs for their treatment and disposal. Lastly the com-
pounds which the iron salt can form with orthophos-
phates have exceedingly low solubility, whereby are
definitely separated from the liquid phase.

Ksrepos = 0.8. 1022 at 20°C.

The capacity of charge neutralization of the iron
salts on the contrary seems not to be particularly
relevant, whereby these salts are poorly efficient as
regards the removal of highly charged colloids and
thus show contrary behaviour with respect to the
aluminium salts.

The latter (sulfate, chloride, polychloride and
aluminate) originate lighter and less developed flocks
in comparison with iron salts and consequently have
less incidence on the sludge index.

The flocks are formed more slowly with respect to
the iron salts since the iron hydroxide is formed
already at pH 3.2 whereas that of aluminium appears
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for pH values higher than 4.5 (with the acid salts of
AL), the maximum activity occurring at pH of between
5.5and 6.5

The advantage of these compounds is represen-
ted by a higher efficiency in the neutralization of the
surface charges (Z potential tending to zero) as indi-
cated in fig.2A and consequently a higher efficiency is
detected as regards the removal of the turbidity and
of the orthophosphates (Figs.2B and 2C).

Among the aluminium salts the polychloride
(PAC) seems to be the most effective one since also
at pH 7-8 polynuclear compounds are formed with
high positive charge.

Although the respective properties of the iron and
aluminium salts were thus known, it has been now
found and is the object of the present invention that,
if within the conventional cycle of biological purifi-
cation with active sludges there is injected, at well
defined phases of the whole process, at least a com-
pound of trivalent iron together with a possibly
polymeric aluminium compound, a strongly synergis-
tic effect is obtained with respect to the phosphorus
removal and to the simultaneous process of biological
oxidation of the ammoniacal nitrogen to nitrates (nit-
rification) under aerobic conditions as well as to the
subsequent biological reduction of the nitrates to ele-
mental nitrogen (denitrification) under anoxic condi-
tions.

The process of the present invention is thus
characterized in that a compound of trivalent iron,
preferably ferric chloride, is added to the sewage to be
treated upstream of the aeration and oxidation phase
and the sludges being recycled to the biological oxi-
dation phase are added with an aluminium com-
pound, preferably aluminium polychloride. The
selection of the treatment points is critical in view of
the specific nature of each plant.

As it will be confirmed by the experimental data
reported hereinafter by the process of the present
invention it is possible to take advantage of the pecul-
iar characterics of the two compounds by particular
mechanisms which can be resumed as follows:

1. Reduction of the substrate fed to the biological

section with the attendant complete nitrification

under oxic conditions.

2. Improvement of the recycle sludge index (SVI)

caused by the iron salts to eliminate possible

bulking phenomena and artificial "ageeing" of the
sludge to promote the nitrification processes, as
well as increase in the anoxic area of the

"release" of phosphorus from the bacteria even in

the presence of the inhibiting action of the

nitrates.

It is moreover supposed that for the sludges hav-

ing very low SVI present on the bottom of the dec-

anter of the biological process the bioreduction of
the nitrates to nitrogen is accelerated.

3. Hydrolysis and co-precipitation of the phos-
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phorus by means of the polynuclear aluminium

compounds.

4. Partial and thus optimum neutralization of the

alkalinity resulting from the denitrification phase

through hydrolysis, acidic on the average, of the
aluminium polychloride.

On the contrary the nitrification phase, causing

the alkalinity consumption, tends to displace the

system to lower pH values: according to the
invention the global acidity originating from the

FeCl; hydrolysis and from the PAC is lower with

respect to the use of only iron salt or of aluminium

sulfate, whereby an environnment more favour-
able for the same nitrification is generated.

5. Preconditioning of the excess sludges for the

next thickening and dehydration.

6. Full removal of the anionic surface active sub-

stances and of the fatty substances (E.E.) as

caused by PAC.

The process of the present invention has been
experimentally tested and to this end an experiment
has been carried out for a period of about 5 months
(including the whole summer period) in a purification
plantin which in the past years only ferric chloride was
used as a chemical conditioning additive.

During the experiments there were simul-
taneously dosed, through separate feeding lines and
at different points of the active sludge process, both
ferric chloride and aluminium polychloride (PAC)
according to the method of the "simultaneous precipi-
tation".

This technique was selected for the following
main reasons:

— to evaluate the possibility of using the system

also in plants differently assembled and thus

independently from the presence of a primary
sedimentation;

— to evaluate possible synergisms on the nitrifi-

cation process;

— to achieve the maximum flexibility of plant oper-

ation upon varying the hydraulic and polluting

loads, as well as the season and environnment
conditions.

After a number of attempts it was found that the
best results, for the specific plant, were obtained with
the following dosages and dosing points:

FeCl; : 50 ppm at the inlet of the oxidation basin,
PAC : 30 ppm at the sludge recycling

The results obtained by the present esperiments
( 1990) have been compared with those obtained in
the same period of the immediately previous year
(1989) when 120 ppm of FeCl; were dosed at the inlet
of the oxidation basin.

In fig.3 the comparison is reported between the
flow rates at the inlet of the plant and in fig.4 the
behaviour of the sludge index in the two years under
consideration.

As regards both the flow rates and the SVI values



5 EP 0 497 419 A1 6

no appreciable differences between the two periods
under considerations are noticed; more particularly as
regards the sludge index the prevailing effect of the Fe
salts is confirmed.

As a matter of fact the properties of the sludge are
not substantially modified by the PAC+FeCl; system.

In order to evaluate the greater effectiveness of
the two ions in comparison with ferric chloride alone ,
three parameters relevant for the evaluation of the
purification treatment have been taken into consider-
ation:

— COD removal

— Phosphorus (ortho) removal

— Nitrogen removal

The latter has been evaluated by balancing the
nitrogen millimoles at the inlet as ammonia and the
nitrogen millimoles at the outlet as ammonia and
nitrates.

The comparison of the results obtained with the
two systems is reported at the figs.5,6,7 as regards
the yields of the removal of COD, P (ortho) and of nit-
rogen during the periods being compared.

In fig. 8 is instead reported the average yield on
the whole period for the three parameters under con-
sideration.

As it can be noticed the yields obtained with the
PAC + FeCl; system are always remarkably higher
throughout the comparison period and for all the three
parameters with respect to the yields obtained with
FeCl; only.

Moreover the patterns are more constant in com-
parison with the use of FeCl; only (characterized by
strong oscillations along the period) confirming the
greater capacity of the PAC + FeCl; system of facing
the unavoidable variations of the flow rates and of the
polluting load at the inlet. This feature is to be pointed
out since a great problem for the operation of the plant
is that of following the unavoidable changes of flow
rates and load.

Lastly, as regards the three parameters taken into
consideration, the PAC + FeCl; system seems to be
mostly effective on the nitrogen removal.

In order to get further confirmation of the improve-
ment obtainable with the PAC + FeCl; system, a com-
parison has been made between the results of the
present experiments and those obtained during three
years of experiments in twelve plants in which, by
groups of four plants, the effectiveness of total P
reduction has been evaluated with:

— aluminium sulfate

— ferric chloride

- PAC

Since, besides the measurements relating to total
P, several other parameters were analized, the com-
parison reported in fig.9 has been made possible.

From the examination of the results relating to the
average values of removal during the period taken
into consideration it is evident that no substantial dif-
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ference exists between the four systems of chemical
conditioning taken into consideration as regards the
COD reduction.

More marked differences are instead noticed
from the comparisons relating to the reduction of the
suspended solids, of the total P and of the nitrogen
removal.

More particularly it is noted that the PAC + FeCl;
is the most effective on absolute basis whereas the
worst results are obtained when ferric chloride alone
is used.

The results relating to aluminium sulfate and to
PAC are in an intermediate position with respect to the
two previous systems, better data being obtained with
PAC in comparison with aluminium sulfate.

The above considerations must be anyhow
evaluated taking it into consideration that the com-
parisons have been made between results obtained
in different periods and above all in different plants.

Although the interpretation of results obtained
under non homogeneous conditions must be carried
out with great caution, from the comparison of the
data a clear and fully unexpected greater effective-
ness of th PAC + FeCl; system is seen.

For all the parameters the combined use of Fe
and Al salts has constantly given better results with
respect to the use of only one compound and this fact
is particularly worth of being noted with respect to the
reduction and removal of nutrient substances.

Owing to the complexity of the mechanisms and
processes involved a definite interpretation of the
observed phenomena can be difficultly achieved.lt is
however possible to make some suppositions.

The main characteristic of the Fe salts seems to
be that of acting on the physical properties of the
sludge, particularly on the settling behaviour, thanks
to the ready forming of bulky and heavy flocks.

The main characteristic of the Al salts seems to
be that of the greater effectiveness in the chemical
and chemico-physical processes, whereby the better
results in the reduction of the phosphorus might be
explained.

As regards the nitrogen removal it is known that
it takes place through the biological oxidation of the
ammoniacal nitrogen to nitrates (nitrification) under
aerobic conditions and the subsequent biological
reduction of the nitrates to elemental nitrogen (denit-
rification) under anoxic conditions.

Of these two phases the nitrification seems to be
the most delicate one. The growth and maintenance
of colonies of nitrifying bacteria (NI TROSOMONAS
and NITROBACTER) are difficult, being influenced by
limiting factors such as dissolved oxygen, pH and
temperature.

Furthermore it seems confirmed that the growth
of nitrifying bacterial populations takes mainly place
on the finest particles of sludge.

Under this point of view it is clear that a chemical
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conditioning agent improving the effectiveness of
removal of suspended solids (such as the Al salts)
leads to the enrichment of the sludge with nitrifying
bacteria, which means to artificially increase, together
with the effect of the ferric chloride on the SVI, what
is called the "sludge age", thus improving the nitrifi-
cation process.

To this fact the increased exchanges with the
atmosphere are to be added, owing to the reduction
of foams as caused by the removal of anionic surface
active agents.

All the above mechanisms, in the case of the PAC
+ FeCl; system, take thus place in the presence of a
sludge having an optimum SVI index, by which the
release and the going back upwardly of the finest and
lightest flocks is prevented or limited. The global result
is a stabilized process with higher depurating effec-
tiveness.

The results obtained by simultaneously and sepa-
rately using aluminium polychloride (PAC) and ferric
chloride have shown that purification yields are
achieved which are are higher not only in comparison
with those obtainable by using a single chemical con-
ditioning agent, but also in comparison with the sum
of the results of the single additives.

The reduction of the dosage of FeCl; from 120
ppm (single conditioning agent) to 50 ppm (in combi-
nation with PAC), while maintaining the positive
effects on the properties of the sludge, causes nega-
tive features, such as corrosivity, colouring and pH
reduction, to be limited or eliminated.

Experiments have also been carried out with a
formulation comprising derivatives of aluminium and
bivalent iron, but the results obtained are definitely
inferior. Moreover compounds of this type must be
added exclusively to the oxidation basin thus requir-
ing greater oxygen amounts for the conversion of ferr-
ous ion to the ferric one.

Itis lastly to be noticed that the invention must not
be construed as being limited to the preferred com-
pounds, namely aluminium polychloride and ferric
chloride, since the activities as found and the syner-
gistic interaction mainly depend on the presence of tri-
valent Fe ion and Al ion.

Claims

1. A process for the purification of sewage waters,
wherein the sewage, after a possible primary
sedimentation, is serially passed to an oxidation
phase in the presence of aerobic micro-organ-
isms and to a separation phase of the treated
water from the sludge resulting from the oxidation
phase, the sludge being partially recycled to the
said oxidation phase, characterized in that a com-
pound of trivalent iron is added to the sewage to
be treated upstream of the said oxidation phase
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and a possibly polymeric aluminium compound is
added to the part of the active sludge being recy-
cled to the said oxidation phase.

A process according to claim 1, characterized in
that said compound of trivalent iron is an inor-
ganic iron salt.

A process according to claim 2, characterized in
that said inorganic iron salt is ferric chloride.

A process according to claim 1, characterized in
that said polymeric aluminium compound is
aluminium polychloride.

A process according to claim 1, characterized in
that said polymeric aluminium compound is
added to said part of active sludge recycled to
said oxidation phase enough upstream of the
introduction of the active sludge in said oxidation
phase so that the effect of said polymeric alumi-
nium compound may be exploited.

A process according to claim 1, characterized in
that said compound of trivalent iron is added in an
amount of at least 5 mg/l meant as trivalent iron
ions.

A process according to claim 1, characterized in
that said polymeric aluminium compound is
added in an amount of at least 3 mg/l meant as
Al,Os.
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